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ABSTRACT
Space Particle Monitor (SPM) is a compact, lightweight and low-cost radiation measurement device that applies two
PIN silicon semiconductor detectors. SPM was developed in the SERVIS (Space Environment Reliability
Verification Integrated System) project under the Ministry of Economy, Trade and Industry (METI), and is mounted
on JAXA RAPid Innovative payload demonstration Satellite 1 (RAPIS-1) launched in January 2019. We achieved
the full success that the discrimination and energy content of electrons, protons, and heavy ions could be observed.
This paper reports on-orbit demonstration results of SPM.
1.

(RAPIS-1) launched in January 2019 and performed
on-orbit demonstration.

INTRODUCTION

As the electronic equipment mounted on the satellite
has become more compact and more sophisticated,
radiation environment measurement has become
increasingly important for investigating the causes of
malfunctions and failures caused by space radiation,
and for avoiding abnormalities caused by radiation.

2.

SPM MEASUREMENT PRINCIPLE

(1) Measurement principle
The conceptual configuration of SPM is shown in
Figure 2-1. The SPM consists of two PIN-type silicon
semiconductor detectors: S1 and S2, and a moderator
(tantalum: Ta) is used between them to enable a wide
range of radiation particle measurement with a simple
sensor configuration.

In addition, there is a demand for onboard space
radiation environment measurement equipment to
ensure the reliable operation of commercial satellites,
and the market is expected to grow with an increasing
growth of commercial satellites launches.
MEISEI has successfully developed a compact and
low-cost Space Particle Monitor (SPM)1) that
differentiates our product from products by other
companies. SPM was developed in the SERVIS (Space
Environment Reliability Verification Integrated
System) project under the Ministry of Economy, Trade
and Industry (METI).

Figure 2-1 Configuration of SPM
This equipment is based on the know-how of the
radiation measurement equipment (Technical Data
Acquisition Equipment: TEDA), which has developed
by MEISEI that has been operated in orbit many times
and has achieved high performance and high-resolution
requirements for use of onboard large satellites.

As the "Particles (Electron, Proton, Heavy ions)" pass
through the collimator gap and through the silicon
semiconductor detectors, electron-hole pairs are
generated.

This report describes the results of the on-orbit
demonstration of SPM which was mounted on JAXA
RAPid Innovative payload demonstration Satellite 1

The number of the generated electron-hole pairs does
not depend on the type of radiation particle, but on the
loss energy.
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These are collected on the electrodes by a reverse bias
electric field and amplified through a charge amplifier
(an amplifier that outputs a signal proportional to the
total amount of charge).

Figure 2-3 Relationship between S1 and S2 loss energy
3.

The crest value of the charge amplifier output signal is
digitally converted by an A/D converter (ADC) to
simultaneously measure the loss energy of radiation
particles at S1 and S2.

Table 3-1 shows the specifications of the SPM. As
shown in this table, the SPM is much smaller and
lighter than conventional devices.

SPM SPECIFICATION

(1) Specifications

Table 3-1 SPM specifications

The loss energy of S1 and S2 is checked against a
discrimination table and counted with a counter
determined by the relevant particle type and energy
range.

Supply voltage
Communication
Measurement particle
type/
/ Energy range
View

The loss energy of S1 and S2 is compared with the
discrimination table and count with a counter
determined by the corresponding particle type and
energy range.

Shape
Mass
Power consumption

The loss energy of each silicon semiconductor detector
for each radiation incident energy is shown in Figure 22.

Data rate

+12V(45mA), -12V(20mA), +5V(60mA)
RS-422
Electron (0.21MeV～)
Proton (5.5MeV～300MeV)
Heavy ion (7.12MeV/n～)
41.2 degrees
102×132×46(mm)
Not including protrusions
0.801kg
MLI included
Max. 1.1 W or less
370 bps or more (when conversion time is
1sec)

(2) Functional block Diagram

The relationship between the loss energy of S1 and S2
is shown in Figure 2-3.

Figure 3-1 shows the functional block diagram of the
SPM. The charge from S1 reverse-biased to -50V and
S2 reverse-biased to -350V is converted into voltage
and amplified by the gain amplifier. After waveform
shaping, it is input to an 8-bit A/D conversion circuit
via a peak hold circuit (P/H), and the A/D conversion
circuit output is input to an FPGA that performs data
processing and telecommand Processing. The signal
interface between SPM and satellite system is via
RS422.

The waveform generation circuit can generate a
calibration signal (CAL signal) to check the soundness
of the signal processing circuit.
Figure 2-2 Loss energy of S1 and S2 against incident
energy

Figure 3-1 Functional block diagram of SPM
(3) Acquisition data
a.

Counter mode
This mode counts the incident particles and the
corresponding particles by energy discrimination
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based on the measured crest values of S1 and S2,
and outputs the counter values in the accumulated
time. Each counter is 2 bytes data.
b.

4.
(1)

List mode

Calibration mode

In this mode, an internal calibration (CAL) pulse is
generated by a command to check the soundness of the
processing circuit.

a. Particles to be measured/ Measurement of Energy
Range

RAPIS-1 was equipped with SPM and TEDA in the
same direction, so it was expected that data with the
same trend are acquired.

Table 3-2 shows the type of particles measured and
the measurement energy range of each counter.
0.21MeV～

・Proton

5.5 to 300 MeV (6CH)

・Heavy ions

7.12 MeV/n～

The TEDA was a radiation measurement instrument
with high performance and high resolution
requirements for large satellites, and has been operated
in orbit many times.

(2CH)
(2CH)

The success criteria of the SPM are shown in Table 4-1.
From the operation results, the discrimination and
energy content of electrons, protons, and heavy ions
were observed, and the experimental telemetry data
with the same trend as that of TEDA were obtained,
confirming the achievement of full success. The details
of the operation results are shown in the following
sections.

Table 3-2 Particles to be measured and Measurement of
Energy Range
Counter No.
C-0
C-1
C-2
C-3
C-4
C-5
C-6
C-7
C-8
C-9

Particle
Electron
Electron
Proton
Proton
Proton
Proton
Proton
Proton
Heavy ion
Heavy ion

Demonstration method

The on-orbit demonstration was performed by
periodically transmitting the constant radiation data
obtained in orbit to the ground and comparing it with
the data acquired by TEDA, which was also mounted
RAPIS-1.

(4) Performance

・Electron

Energy Range
0.21～4.0 MeV
4.0MeV～
11～43.6 MeV
5.5～11 MeV
43.6～48.6 MeV
48.6～67 MeV
67～106 MeV
106～300 MeV
7.12～11.8MeV/n
51.5MeV/n～

Table 4-1 Success Criteria for SPM
Success criteria

Achieved

Full
success

The ability to
discriminate between
electrons, protons, and
heavy ions and to
observe their energy
content, and to obtain
experimental telemetry
data with the same
trend compared to
TEDA.

Achieved

Extra
Success

The ability to obtain
experimental telemetry
data that can identify
orbital radiation
environments such as

N/A(No major solar
flares or other events of
interest have occurred.)

Success

Sensor noise is less than 20 KeV in energy
equivalent and energy resolution is less than 3%
(FWHM).
c. Counting rate
The processing time of the entire measurement
system should be less than 20 μsec, and 5 × 104
events / sec can be counted.
d. Data accumulation time (Data storage time)
The integration time of each counter is set to 1
second.
e. Field of view
The field of view of the collimator is 41.2 degrees.
The G-factor is 0.0822 cm2・sr.

3

Result

Radiation
measurements shall be
performed in orbit, and
experimental telemetry
data shall be acquired.

Minimum

b. Energy resolution
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ON-ORBIT

The SPM was mounted on the RAPid Innovative
payload demonstration Satellite 1 (RAPIS-1) and
operated in orbit from the initial checkout in February
2019 to February 2020.

This mode outputs the A/D converted crest value data
of S1 and S2 to telemetry as it is.
c.

SPM
SPECIFICATION
DEMONSTRATION
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solar flares.

Figure 4-1 Number of electrons counts for SPM (top)
and TEDA (bottom)
(Data for 6 hours with arbitrary date and time set to 0s)

(2) Validation of the acquired data

b. Proton

The measurement data of SPM acquired during the
operation period was compared with TEDA for each
particle to be measured, and the validity of the
measurement data of SPM was confirmed.

As with electrons, the peak position of the count in
counter mode was evaluated by comparing it to the
peak position of the count in TEDA.
Figure 4-2 shows the total number of proton counted
for SPM and TEDA respectively.

Since the measurement energy range of SPM and
TEDA is different, the data in the energy range
common to both instruments were extracted and
evaluated.

For both SPM and TEDA, the peak of the event was
found at the same time of day for each count. The count
numbers do not match between SPM and TEDA
because the sensor viewing angle and sensitive area for
proton measurement are different.

a. Electron
The on-orbit data of SPM was evaluated by comparing
the peak position of the count in the counter mode with
the peak position of the count in TEDA.

Therefore, the number of proton counts was converted
to flux (unit area, solid angle, time, count number per
energy, unit: / cm2 / sr / s / MeV) for evaluation.

As a typical example, Figure 4-1 shows the sum of the
counters for electrons (total count of electrons) for SPM
and TEDA respectively. The acquired data shows the
same trend, and the incident particle counts are also
consistent, which is reasonable since the processing
time per event is comparable for SPM and TEDA, and
the sensor viewing angle and sensitive area for electron
measurement are almost the same.

As shown in Figure 4-3, when comparing the flux at
any given point, the ratios were roughly the same at all
points (approximately 2.4), confirming that SPM was
able to obtain data with the same trend as TEDA.

Figure 4-2 Proton counts in SPM (top) and TEDA
(bottom)
(Data for 6 hours with arbitrary date and time set to 0s)
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5. SUMMARY
From the results obtained so far, it was confirmed that
the discrimination and energy content of electrons,
protons, and heavy ions could be observed, and that
data with the same trend could be obtained in
comparison with TEDA. (Achievement of full success)
・Electrons, heavy ions: validated by comparison of
counts

Figure 4-3 Flux ratio of SPM and TEDA (protons)
c. Heavy ions

・Protons: validity confirmed by comparison of fluxes

As with electrons, the peak position of the count in
counter mode was evaluated by comparing it with the
peak position of the count in TEDA.
As a result of confirming the data in the calibration
mode before the end of the operation, the same results
were obtained as in the ground test and in the early
stage of the operation, and it was confirmed that there
was no degradation in the sensor and circuit system of
the SPM during the operation period.

Figure 4-4 shows the sum of the heavy ion counters
(total counts of heavy ions) for SPM and TEDA
respectively. The acquired data show the same trend
and the count numbers are consistent. We consider this
to be reasonable considering the difference in sensor
viewing angle and sensitive area, and the difference in
discrimination table settings.

It is concluded that the SPM is available and useful for
any types of satellite around the Earth.
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Figure 4-4 Heavy ion counts for SPM (top) and
TEDA (bottom)
(Data for 6 hours with arbitrary date and time set to
0s)
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